a2 United States Patent

US009431638B2

(10) Patent No.: US 9,431,638 B2

Nishikawa et al. 45) Date of Patent: Aug. 30,2016
(54) NON-AQUEOUS SECONDARY BATTERY (56) References Cited
SEPARATOR AND NON-AQUEOUS
SECONDARY BATTERY U.S. PATENT DOCUMENTS
. . 6,692,873 B1* 2/2004 Park ........cccoene HOIM 2/145
(71) Applicant: TELIJIN LIMITED, Osaka-shi, Osaka 29/623.5
(IP) 2004/0053122 AL+  3/2004 Sugiyama et al.
2006/0088762 Alt 4/2006 Okamoto
(72) Inventors: Satoshi Nishikawa, Iwakuni (JP); 2006/0286446 ALf 122006 Chun et al.
Takashi Yoshitomi, Iwakuni (JP);
Atsuhiro Otsuka, Iwakuni (JP); Ayumi FOREIGN PATENT DOCUMENTS
Iwai, Iwakuni (JP) P 2000-021233 A 1/2000
Jp 2001-076758 A 3/2001
(73) Assignee: TEIJIN LIMITED, Osaka (JP) P 2001319693 A 11/2001
p 2002-025620 A 1/2002
Jp 2003-007280 A 1/2003
(*) Notice: Subject to any disclaimer, the term of this Jp 2003-178804 A 6/2003
patent is extended or adjusted under 35 Ip 2004-111160 A 4/2004
U.S.C. 154(b) by 131 days. JP 2006-120462 A 5/2006
P 4109522 B2 7/2008
Jp 4127989 B2 7/2008
(21) Appl. No.: 14/352,522 P 4414165 B2 2/2010
P 4490055 B2 6/2010
(22) PCT Filed: Oct. 19,2012 WO 2004/112183 Al 12/2004
OTHER PUBLICATIONS
(86) PCT No.: PCT/JP2012/077132 International Search Report of PCT/JP2012/077132 dated Jan. 15,
(2) Date: Apr. 17, 2014 * cited by examiner
(87) PCT Pub.No.. WO2013/058368 ¥ cited by third party
Primary Examiner — Carlos Barcena
PCT Pub. Date: Apr. 25, 2013 (74) Attorney, Agent, or Firm — Sughrue Mion, PLLC
(65) Prior Publication Data (7) ABSTRACT
The present invention provides a separator for a non-aqueous
US 2014/0308567 Al Oct. 16, 2014 secondary battery including a porous substrate and an adhe-
sive porous layer that is formed at at least one side of the
(30) Foreign Application Priority Data porous substrate and contains the following polyvinylidene
fluoride-based resin A and the following polyvinylidene fluo-
Oct. 21,2011 (JP) coeeeecceccne 2011-231834 ride-based resin B. (1) Polyvinylidene fluoride resin A
selected from the group consisting of vinylidene fluoride
(51) Imt.ClL homopolymers having a weight average molecular weight of
HOIM 2/16 (2006.01) from 600,000 to 2,500,000, and vinylidene fluoride copoly-
HOIM 10/052 (2010.01) mers having a weight average molecular weight of from 600,
HOIM 2/14 (2006.01) 000 to 2,500,000 and containing a structural unit derived from
HOIM 2/02 (2006.01) vinylidene fluoride and a structural unit derived from
Co9D 1/00 (2006.01) hexafluoropropylene, the total content of structural units
(52) U.S.CL derived from hexafluoropropylene in each of the vinylidene
CPC ..o, HOIM 2/0257 (2013.01); C09D 1/00  fluoride copolymers being 1.5 mol % or less of the total
(2013.01); HOIM 2/027 (2013.01); HOIM content of structural units in each of the vinylidene fluoride
2/1653 (2013.01); HOIM 2/1686 (2013.01); copolymer. (2) Polyvinylidene fluoride resin B containing a
HOIM 10/052 (2013.01); YO2F 60/122 structural unit derived from vinylidene fluoride and a struc-
(2013.01) tural unit derived from hexafluoropropylene, the total content
(58) Field of Classification Search of structural units derived from hexafluoropropylene in the

CPC ..... HOIM 2/162; HO1M 2/1653; HOIM 2/18;
HO1M 2/14; HOIM 2/1693; HOIM 2/1686;
HO1M 2/1666

See application file for complete search history.

polyvinylidene fluoride resin B being greater than 1.5 mol %
of the total content of structural units in the polyvinylidene
fluoride resin B.

7 Claims, No Drawings



US 9,431,638 B2

1

NON-AQUEOUS SECONDARY BATTERY
SEPARATOR AND NON-AQUEOUS
SECONDARY BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a National Stage of International Application No.
PCT/IP2012/077132 filed Oct. 19, 2012 (claiming priority
based on Japanese Patent Application No. 2011-231834 filed
Oct. 21, 2011), the contents of which are incorporated herein
by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a separator for a non-
aqueous secondary battery and a non-aqueous secondary bat-

tery.
BACKGROUND ART

Non-aqueous secondary batteries, such as lithium ion sec-
ondary batteries, have been widely used as power supply for
portable electronic devices such as lap-top computers, mobile
phones, digital cameras, and camcorders. Further, in recent
years, since these batteries have high energy density, appli-
cation of these batteries to automobiles and the like has also
been studied.

In conjunction with reductions in size and weight of por-
table electronic devices, the outer casing of non-aqueous
secondary batteries has been simplified. Recently, as the outer
casing, a battery can made of an aluminum can has been
developed in place of the battery can made of stainless steel
that was previously used, and further, currently, a soft pack
outer casing made of an aluminum laminate pack has also
been developed.

In the case of a soft pack outer casing made of aluminum
laminate, since the outer casing is soft, a space may form
between an electrode and a separator in conjunction with
charging and discharging. This is one of factors contributing
to deterioration of the cycle life, and therefore, uniform reten-
tion of the adhesive property of adhered portions of elec-
trodes, separators, or the like, is a significant technical prob-
lem.

As techniques relating to the adhesive property, various
techniques for enhancing the adhesion between an electrode
and a separator have been proposed. As one of such tech-
niques, a technique of using a separator in which a porous
layer (hereinafter also referred to as an “adhesive porous
layer”) using a polyvinylidene fluoride resin is formed on a
polyolefin microporous membrane, a conventional separator,
has been proposed (see, for example, Patent Documents 1 to
4). The adhesive porous layer functions as an adhesive that
favorably joins the electrode and the separator together, in a
case in which an adhesive porous layer and an electrode are
disposed adjacently in layers and subjected to compression
bonding or heat pressing. Accordingly, the adhesive porous
layer contributes to improvement of the cycle life of a soft
pack battery.

In a separator having a polyolefin microporous membrane
and an adhesive porous layer formed thereon as described
above, from the viewpoint of achieving both ion permeability
and ensuring sufficient adhesive property, a new technical
proposal focusing upon the porous structure and thickness of
a polyvinylidene fluoride resin layer, and a new technical
proposal that uses two kinds of polyvinylidene fluoride resins
in combination, have been made.
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Further, in the case of producing a battery using a conven-
tional metal can outer casing, electrodes and a separator are
disposed adjacently in layers and wound to produce a battery
element, and this element is enclosed in a metal can outer
casing together with an electrolyte, thereby producing a bat-
tery. Meanwhile, in the case of producing a soft pack battery
using a separator having the adhesive porous layer described
above, a battery element is produced in a manner similar to
that in the production of a battery having a metal can outer
casing as described above, after which this battery element is
enclosed in a soft pack outer casing together with an electro-
lyte, and thereafter, is finally subjected to a heat pressing
process, thereby producing a battery. Accordingly, in the case
of using such a separator, a battery element can be produced
in a manner similar to that in the production of a battery
having a metal can outer casing as described above. This is
advantageous in that it is not necessary to greatly change the
production process from that for conventional batteries hav-
ing a metal can outer casing.

Patent Document 1: Japanese Patent No. 4127989

Patent Document 2: Japanese Patent No. 4490055

Patent Document 3: Japanese Patent No. 4109522

Patent Document 4: Japanese Patent No. 4414165

SUMMARY OF INVENTION
Technical Problem

In general, the positive electrode or negative electrode in a
non-aqueous secondary battery includes a current collector
and an active substance layer that is formed on the current
collector and contains an electrode active substance and a
binder resin. In a case in which an adhesive porous layer is
joined to the electrode by compression bonding or heat press-
ing, the adhesive porous layer adheres to the binder resin in
the electrode. Therefore, in order to ensure a more favorable
adhesive property, a higher amount of binder resin in the
electrode is preferable.

On the other hand, in order to further increase the energy
density of a battery, it is necessary to increase the content of
the active substance in the electrode, and therefore, a lower
content of binder resin is preferable. Therefore, according to
the conventional technique described above, in order to
increase the amount of the active substance, it has been nec-
essary to perform compression bonding or heat pressing
under higher temperature conditions or pressure conditions,
for the purpose of ensuring sufficient adhesive property. How-
ever, when increased temperature conditions or pressure con-
ditions are applied to the compression bonding or heat press-
ing, there is a problem in that the porous structure of the
adhesive porous layer is destroyed, ion permeability becomes
insufficient and, as a result, favorable battery characteristics
cannot be obtained.

In addition, in such a separator, the adhesive porous layer is
easily peeled off during transport. In particular, in the case of
slitting the separator into an appropriate size, when the adhe-
sive porous layer is too sticky or the like, there is a problem in
terms of ease of slitting; namely, a phenomenon occurs in
which the slit edge face after slitting is scuffed up.

The invention has been made in view of these circum-
stances. With this background, a separator for a non-aqueous
secondary battery which exhibits excellent adhesion to elec-
trodes and ensures favorable ion permeability even after
adhesion to electrodes, as well as having excellent ease of
slitting, compared with the prior art, is required. Further, a
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non-aqueous secondary battery which has high energy den-
sity and excellent cycle characteristics is required.

Solution to Problems

In order to address the problems described above, the
invention is configured as follows.

<1> A separator for a non-aqueous secondary battery,
including a porous substrate and an adhesive porous layer that
is formed at at least one side of the porous substrate and
contains the following (1) polyvinylidene fluoride resin A and
the following (2) polyvinylidene fluoride resin B.

(1) Polyvinylidene fluoride resin A selected from the group
consisting of vinylidene fluoride homopolymers having a
weight average molecular weight of from 600,000 to 2,500,
000, and vinylidene fluoride copolymers having a weight
average molecular weight of from 600,000 to 2,500,000 and
containing a structural unit derived from vinylidene fluoride
and a structural unit derived from hexafluoropropylene, the
total content of structural units derived from hexafluoropro-
pylene in each of the vinylidene fluoride copolymers being
1.5 mol % or less of the total content structural units in each
of the vinylidene fluoride copolymers.

(2) Polyvinylidene fluoride resin B selected from the group
consisting of vinylidene fluoride copolymers containing a
structural unit derived from vinylidene fluoride and a struc-
tural unit derived from hexafluoropropylene, the total content
of structural units derived from hexafluoropropylene in each
of the vinylidene fluoride copolymers being greater than 1.5
mol % of the total content of structural units in each of the
vinylidene fluoride copolymers.

<2> The separator for a non-aqueous secondary battery
according to <1>, wherein the weight average molecular
weight of the polyvinylidene fluoride resin A is from 1,000,
000 to 2,000,000.

<3> The separator for a non-aqueous secondary battery
according to <1> or <2>, wherein the adhesive porous layer
has a porosity of from 30% to 60% and an average pore size
of from 20 nm to 100 nm.

<4> The separator for a non-aqueous secondary battery
according to any one of <1>to <3>, wherein, in the adhesive
porous layer, the total content of the polyvinylidene fluoride
resin A is from 15 parts by mass to 85 parts by mass and the
total content of the polyvinylidene fluoride resin B is from 85
parts by mass to 15 parts by mass, when the total amount of
the polyvinylidene fluoride resin A and the polyvinylidene
fluoride resin B is taken as 100 parts by mass.

<5> The separator for a non-aqueous secondary battery
according to any one of <1>to <4>, wherein an amount of the
adhesive porous layer at one side of the porous substrate is
from 0.5 g/m® to 1.5 g/m>.

<6> A non-aqueous secondary battery including a positive
electrode, a negative electrode, and the separator for a non-
aqueous secondary battery according to any one of <1> to
<5>, the separator being disposed between the positive elec-
trode and the negative electrode, wherein in the non-aqueous
secondary battery, electromotive force is obtained by lithium
doping/dedoping.

<7> The non-aqueous secondary battery according to <6>
further including an aluminum laminate film as an outer cas-
ing material, wherein a multilayer structure in which the
positive electrode, the negative electrode, and the separator
for anon-aqueous secondary battery are adhered to each other
is housed in the aluminum laminate film.

Advantageous Effects of Invention

According to the invention, a separator for a non-aqueous
secondary battery which exhibits excellent adhesion to elec-
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trodes and ensures favorable ion permeability even after
adhesion to electrodes, as well as having excellent ease of
slitting, compared with conventional techniques, is provided.

Further, according to the invention, a non-aqueous second-
ary battery which has high energy density and excellent cycle
characteristics is provided. Moreover, it is possible to provide
a high-performance non-aqueous secondary battery having
an aluminum laminate pack outer casing.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, a separator for a non-aqueous secondary bat-
tery of the invention and a non-aqueous secondary battery
using the same are described in detail. Note that, hereinafter,
“to” in a numerical range means that the numerical range
includes the upper limit and the lower limit.

<Separator for Non-Aqueous Secondary Battery>

The separator for a non-aqueous secondary battery of the
invention is configured to include a porous substrate and an
adhesive porous layer that is formed at at least one side of the
porous substrate and contains a polyvinylidene fluoride resin.
The separator for a non-aqueous secondary battery of the
invention contains (1) polyvinylidene fluoride resin A and (2)
polyvinylidene fluoride resin B shown below, as the polyvi-
nylidene fluoride resins that are components of the adhesive
porous layer.

(1) Polyvinylidene fluoride resin A selected from the group
consisting of vinylidene fluoride homopolymers having a
weight average molecular weight of from 600,000 to 2,500,
000, and vinylidene fluoride copolymers having a weight
average molecular weight of from 600,000 to 2,500,000 and
containing a structural unit derived from vinylidene fluoride
and a structural unit derived from hexafluoropropylene, the
total content of structural units derived from hexafluoropro-
pylene in each of the vinylidene fluoride copolymers being
1.5 mol % or less of the total content of structural units in each
of the vinylidene fluoride copolymers.

(2) Polyvinylidene fluoride resin B selected from the group
consisting of vinylidene fluoride copolymers containing a
structural unit derived from vinylidene fluoride and a struc-
tural unit derived from hexafluoropropylene, and the total
content of structural units derived from hexafluoropropylene
in each of the vinylidene fluoride copolymers being greater
than 1.5 mol % of the total content of structural units in each
of the vinylidene fluoride copolymers.

In the invention, a polyvinylidene fluoride resin is used as
an adhesive resin that is a component of the adhesive porous
layer included in the separator, and a resin composition in
which specific polyvinylidene fluoride resins are combined,
namely, a composition including polyvinylidene fluoride
resin A and polyvinylidene fluoride resin B, is used. There-
fore, as compared with the case of not including one of
polyvinylidene fluoride resin A or polyvinylidene fluoride
resin B, the adhesion to electrodes is more excellent, and
excellent ion permeability is obtained after adhesion to elec-
trodes, as well as excellent slittability is realized. The reason
for this is thought as follows.

Polyvinylidene fluoride resins (hereinafter also referred to
as “VDF-HFP resins™), which contain vinylidene fluoride and
hexafluoropropylene as the polymerization components,
become easily to swell with an electrolyte, in a case in which
the polymerization ratio of hexafluoropropylene increases.
Therefore, it is also expected that the greater the polymeriza-
tion ratio of hexafluoropropylene in a VDF-HFP resin that is
a component of the adhesive porous layer is, the better is the
adhesion between the adhesive porous layer and an electrode.
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However, in a case in which an adhesive porous layer is
formed using a VDF-HFP resin having a high polymerization
ratio of hexafluoropropylene, the porosity is easily height-
ened and the pore size is easily increased. In a case in which
the adhesive porous layer has a high porosity and a large pore
size, in the surface of the adhesive porous layer, the area of the
VDF-HFP resin portion at which the VDF-HFP resin bonds to
an electrode is reduced, and, therefore, the VDF-HFP resin
portions exist sparsely. Therefore, as the polymerization ratio
of hexafluoropropylene of the VDF-HFP resin that is a com-
ponent of the adhesive porous layer is increased, contrary to
the above expectation, the adhesion between the adhesive
porous layer and an electrode tends to be rather lowered. In
addition, in a case where the adhesive porous layer has a high
porosity and a large pore size, ion migration at the electrode
interface becomes ununiform, which adversely affects cycle
characteristics and load characteristics of a battery.

In other words, it can be said that the polymerization ratio
of hexafluoropropylene of the VDF-HFP resin may be
reduced, in order to obtain an adhesive porous layer having
such a low porosity and a smaller pore size that the ion
permeability is not inhibited. It is expected that, with such an
adhesive porous layer, the uniformity in ion migration at the
electrode interface is high, the adhesive porous layer does not
adversely affects the cycle characteristics and load character-
istics of a battery, and also, the adhesion to electrodes
improves, considering the form of the surface morphology.

However, VDF-HFP resins having a low polymerization
ratio of hexafluoropropylene have inferior swelling property
with respect to an electrolyte, and thus it is difficult to obtain
high adhesion to electrodes.

Conventionally, as a means to improve the adhesion
between an electrode and a separator, a means of heightening
the pressure and temperature at the time of compression
bonding or heat pressing has been used. However, as the
temperature and pressure for compression bonding or heat
pressing are heightened, the porous structure of the adhesive
porous layer is more easily destroyed, and ion permeability
after adhesion to an electrode is deteriorated. Thus, it has been
difficult to obtain favorable battery characteristics.

Accordingly, the invention intends to obtain excellent bat-
tery characteristics as well as enhanced adhesion to elec-
trodes, by using two kinds of VDF-HFP resins having differ-
ent polymerization ratio of hexafluoropropylene in the
adhesive porous layer.

Namely, by using polyvinylidene fluoride resin B which
has a relatively high polymerization ratio of hexafluoropro-
pylene, the swelling property of the VDF-HFP resin with
respect to an electrolyte is ensured in the adhesive porous
layer. Further, by using polyvinylidene fluoride resin A which
has a relatively low polymerization ratio of hexaftuoropropy-
lene, an adhesive porous layer having such a low porosity and
a small pore size that the ion permeability is not inhibited is
realized. As a result, the uniformity in ion migration at the
electrode interface is heightened, and a surface morphology
suitable for adhesion to electrodes is obtained.

In the invention, as described above, since both the adhe-
sive porous layer resin A and the adhesive porous layer resin
B exist in the adhesive porous layer, a synergistic effect is
exhibited with respect to the adhesion to electrodes, so that
the adhesion to electrodes becomes more excellent, and even
after adhesion to electrodes, favorable ion permeability is
ensured. Accordingly, when prepared as a battery, the battery
exhibits excellent cycle characteristics and excellent load
characteristics.
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Moreover, the separator of the invention have excellent ion
migration at the interface between the porous substrate and
the adhesive porous layer.

Conventionally, in separators having an adhesive porous
layer placed on a porous substrate, clogging easily occurs at
the interface between the adhesive porous layer and the
porous substrate, ion migration at the interface is deteriorated
and thus, it is sometimes difficult to realize favorable battery
characteristics. In contrast, the adhesive porous layer in the
invention has a fine porous structure developed, and thus the
uniformity of the pore distribution is high and the number of
pores is large. Further, since the adhesive porous layer in the
invention has excellent adhesive property, regarding the con-
ditions of temperature or pressure at the time of compression
bonding or heat pressing, room for choice thereofis extended,
and thus, occurrence of destruction may be avoided easily.
Therefore, the possibility that the pores of the porous sub-
strate and the pores of the adhesive porous layer are favorably
connected increases, whereby the lowering of battery perfor-
mance due to clogging is suppressed.

In addition to the above, in the invention, the weight aver-
age molecular weight of polyvinylidene fluoride resin A is set
within a range of from 600,000 to 2,500,000. Since the poly-
vinylidene fluoride resin A having a low HFP ratio has a
characteristic of being relatively hard to swell, it is effective to
adjust the molecular weight of polyvinylidene fluoride resin
A, compared with polyvinylidene fluoride resin B. As
described below, the molecular size is adjusted to be within
the above range, in order to balance suppression of generation
of strong stickiness with prevention of the embrittlement of
the adhesive porous layer. Accordingly, adherence to the
porous substrate is ensured, and at the time of slitting, the
external appearance of the edge face is kept from being
destroyed for the reason that the slit edge face is scuffed up or
the like.

Hereinafter, each component of the separator for a non-
aqueous secondary battery of the invention is described.

[Porous Substrate]

The separator for a non-aqueous secondary battery of the
invention is provided with at least one layer of porous sub-
strate. The porous substrate in the invention means a substrate
having pores or voids inside. Examples of such a substrate
include a microporous membrane, a porous sheet formed
from a fibrous material, such as nonwoven fabric or a paper-
like sheet, and a composite porous sheet obtained by placing
one or more other porous layers on the microporous mem-
brane or porous sheet. Among them, a microporous mem-
brane is particularly preferable, from the viewpoints of thin-
ning and high strength.

A microporous membrane means a membrane having a
large number of micropores inside, in which the micropores
are connected to allow gas or liquid to pass therethrough from
one side to the other side of the membrane.

The material that forms the porous substrate may be either
an organic material or an inorganic material as far as the
material has an electrical insulating property. From the view-
point of imparting a shutdown function to the porous sub-
strate, the material that forms the porous substrate is prefer-
ably a thermoplastic resin.

The term “shutdown function” refers to the following func-
tion. Namely, in a case in which the battery temperature
becomes high, the constituent material melts and blocks the
pores of the porous substrate, thereby blocking the ion migra-
tion to prevent thermal runaway of the battery.

As the thermoplastic resin, a thermoplastic resin having a
melting point of lower than 200° C. is suitable, and polyolefin
is particularly preferable.
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As the porous substrate using polyolefin, a polyolefin
microporous membrane is preferable.

As the polyolefin microporous membrane, a polyolefin
microporous membrane that has sufficient dynamic physical
properties and ion permeability can be preferably used,
among the polyolefin microporous membranes that have been
applied to conventional separators for a non-aqueous second-
ary battery.

From the viewpoint of exhibiting the shutdown function, it
is preferable that the polyolefin microporous membrane con-
tains polyethylene, and it is preferable that the content of
polyethylene is 95% by mass or more.

In addition to the above, from the viewpoint of imparting
heat resistance to such a degree that the membrane does not
easily break when exposed to high temperatures, a polyolefin
microporous membrane containing polyethylene and
polypropylene is preferable. An example of such a polyolefin
microporous membrane is a microporous membrane in which
polyethylene and polypropylene are present as a mixture in
one layer. In such a microporous membrane, it is preferable
that the microporous membrane contains polyethylene in an
amount of 95% by mass or more and polypropylene in an
amount of 5% by mass or less, from the viewpoint of achiev-
ing both the shutdown function and heat resistance. Further,
from the viewpoint of achieving both the shutdown function
and heat resistance, it is also preferable that the polyolefin
microporous membrane is a polyolefin microporous mem-
brane having a multi-layer structure of two or more layers, in
which at least one layer contains polyethylene and at least one
layer contains propylene.

It is preferable that the polyolefin contained in the polyole-
fin microporous membrane has a weight average molecular
weight of from 100,000 to 5,000,000. When the weight aver-
age molecular weight is 100,000 or more, sufficient dynamic
physical properties can be ensured. Meanwhile, when the
weight average molecular weight is 5,000,000 or less, the
shutdown characteristics are favorable, and it is easy to form
a membrane.

The polyolefin microporous membrane can be produced,
for example, by the following method. Namely, an example of
the method of forming a microporous membrane is a method
including: (i) extruding a molten polyolefin resin through a
T-die to form a sheet, (ii) subjecting this sheet to a crystalli-
zation treatment, (iii) stretching the sheet, and (iv) subjecting
the sheet that has been stretched to a heat treatment. Further,
other examples of the method of forming a microporous
membrane include a method including: (i) melting a polyole-
fin resin together with a plasticizer such as liquid paraffin or
the like, and extruding the melt through a T-die, followed by
cooling, to form a sheet, (ii) stretching this sheet, (iii) extract-
ing the plasticizer from the sheet that has been stretched, and
(iv) subjecting the resulting sheet to a heat treatment.

Examples of a porous sheet formed from a fibrous material
include a porous sheet formed from a fibrous material such as
polyester such as polyethylene terephthalate; polyolefin such
as polyethylene or polypropylene; or a heat resistant polymer
such as aromatic polyamide, polyimide, polyethersulfone,
polysulfone, polyetherketone, or polyetherimide; and a
porous sheet formed from any mixture of the above fibrous
materials.

A composite porous sheet may have a configuration in
which a functional layer is disposed on a microporous mem-
brane or a porous sheet formed from a fibrous material. Such
a composite porous sheet is preferable, since a further func-
tion can be imparted by the functional layer. As the functional
layer, for example, from the viewpoint of imparting heat
resistance, a porous layer formed from a heat resistant resin or
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a porous layer formed from a heat resistant resin and an
inorganic filler can be adopted. Examples of the heat resistant
resin include one or two or more kinds of heat resistant
polymers selected from the group consisting of aromatic
polyamide, polyimide, polyethersulfone, polysulfone, poly-
etherketone, and polyetherimide. As the inorganic filler, a
metal oxide such as alumina, a metal hydroxide such as
magnesium hydroxide, or the like can be used suitably.

Examples of a method of forming a composite include a
method of coating a functional layer on a microporous mem-
brane or a porous sheet, a method of joining a functional layer
and a microporous membrane or a porous sheet using an
adhesive, and a method of compression bonding or thermo-
compression bonding of a functional layer and a microporous
membrane or a porous sheet.

The thickness of the porous substrate is preferably in a
range of from 5 um to 25 pm, from the viewpoint of obtaining
favorable dynamic physical properties and internal resis-
tance.

The Gurley value (JIS P8117) of the porous substrate is
preferably in a range of from 50 sec/100 cc to 800 sec/100 cc,
from the viewpoints of preventing a short circuit in the battery
and obtaining sufficient ion permeability.

The puncture strength of the porous substrate is preferably
300 g or more, from the viewpoint of improving the produc-
tion yield.

[Adhesive Porous Layer]

The separator for a non-aqueous secondary battery of the
invention has at least one adhesive porous layer at one side or
both sides of the porous substrate. The adhesive porous layer
according to the invention means a layer that contains a poly-
vinylidene fluoride resin as an adhesive resin and has a large
number of micropores inside, in which these micropores are
connected to allow gas or liquid to pass therethrough from
one side to the other side.

The adhesive porous layer is provided at one side or both
sides of the porous substrate, as an outermost layer of a
separator, and by this adhesive porous layer, the separator can
be adhered to an electrode. Namely, the adhesive porous layer
is a layer which can bond a separator to an electrode, when the
separator and the electrode are disposed adjacently in layers
and subjected to compression bonding or heat pressing.

The case in which the separator is bonded to both of the
positive electrode and the negative electrode is preferable,
from the viewpoint of cycle life. Thus, in a preferable embodi-
ment, the adhesive porous layer is provided at both of one side
and the other side of the porous substrate (front and back of
the substrate).

In a case in which the separator for a non-aqueous second-
ary battery ofthe invention has the adhesive porous layer only
at one side of the porous substrate, the adhesive porous layer
is adhered to either one of a positive electrode or a negative
electrode. Further, in a case in which the separator for a
non-aqueous secondary battery of the invention has the adhe-
sive porous layer at both sides of the porous substrate, the
adhesive porous layers are bonded to the positive electrode
and the negative electrode, respectively. Providing an adhe-
sive porous layer not only at one side of the porous substrate
but at both sides is preferable form the viewpoint of excellent
cycle characteristics when a battery is formed. This is
because, by having the adhesive porous layer at both sides of
the porous substrate, the two surfaces of the separator adhere
well to the two electrodes, respectively, via the adhesive
porous layer.

It is preferable that the adhesive porous layer in the inven-
tion has a porous structure from the viewpoint of ion perme-
ability. Specifically, it is preferable that the porosity is from
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30% to 60%. When the porosity of the adhesive porous layer
is 60% or less, in the pressing process for adhesion to
electrodes, dynamic physical properties for keeping the
porous structure are easily ensured. When the porosity is
60% or less, the ratio of surface opening area decreases, and
the area occupied by the polyvinylidene fluoride resin por-
tion is increased, whereby adhesion force is easily ensured.
Meanwhile, when the porosity of the adhesive porous layer
is 30% or more, favorable ion permeability is obtained, and
the battery characteristics are easily improved.

Further, it is preferable that the average pore size of the
adhesive porous layer according to the invention is from 20
nm to 100 nm. Here, the average pore size (diameter; unit:
nm) is calculated, assuming that all pores are cylindrical,
from the following Equation 1 using the pore surface area S
of the adhesive porous layer formed from a polyvinylidene
fluoride resin, which is calculated from the amount of
nitrogen gas adsorbed, and the pore volume V of the
adhesive porous layer, which is calculated from the porosity.

d=4-V/S (Equation 1)

d: average pore size (nm) of adhesive porous layer

V: pore volume per 1 m* of adhesive porous layer

S: pore surface area per 1 m* of adhesive porous layer

The pore surface area S of an adhesive porous layer is
determined as follows.

Namely, the specific surface area (m?*/g) of a porous
substrate and the specific surface area (m*/g) of a composite
membrane in which a porous substrate and an adhesive
porous layer are layered one another are measured by a
nitrogen gas adsorption method, applying the BET equation.
Then, these specific surface areas are each multiplied by the
respective weights per unit (g/m?) to determine the pore
surface areas per 1 m*. Then, the pore surface area per 1 m>
of the porous substrate is subtracted from the pore surface
area per 1 m? of the separator, to determine the pore surface
area S per 1 m* of the adhesive porous layer.

When the average pore size of the adhesive porous layer
is 100 nm or less, a porous structure in which uniform pores
are uniformly dispersed is easily obtained, and points of
bonding to electrode can be dispersed uniformly, whereby
favorable adhesive property may be ensured easily. In such
a case, ion migration also becomes uniform, more favorable
cycle characteristics is obtained, and further, favorable load
characteristics is obtained.

When the average pore size is 20 nm or more, ions move
easily, and favorable battery characteristics are easily
obtained. The reason for this is specifically explained.

First, in a case in which the adhesive porous layer is
impregnated with an electrolyte, the polyvinylidene fluoride
resin swells. Although, the degree of swelling varies depend-
ing on the constitution of the polyvinylidene fluoride resin,
in the case of a polyvinylidene fluoride resin according to the
invention, when the average pore size is 20 nm or more, the
pores are easily prevented from being blocked due to
swelling of resin, when the adhesive porous layer is impreg-
nated with an electrolyte. Therefore, even in the state of
being swelled, pore portions for ion migration are easily
ensured and favorable battery characteristics are obtained
easier, as compared with the case in which such pore
portions are blocked. Here, in the case in which pore
portions are blocked, ions can move only inside the poly-
vinylidene fluoride resin that contains the electrolyte and is
gelled, and thus, the ion migration becomes extremely slow
as compared with the case in which pores are not blocked.

According to the invention, an adhesive porous layer
which has a porosity suitable for a separator for a non-
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aqueous secondary battery, and has an average pore size
much smaller than that of a conventional adhesive porous
layer can be obtained. This means that a fine porous structure
is developed and is uniform. As described above, such a
porous structure has favorable uniformity of ion migration at
the interface between the separator and an electrode.
Accordingly, an electrode reaction with high uniformity
becomes possible, and effects of improving the load char-
acteristics and cycle characteristics of a battery are obtained.
In addition, since the polyvinylidene fluoride resin portions
that contribute to adhesion are highly uniformly distributed
on the surface, favorable adhesion to electrodes is achieved.

Further, in the invention, the porous structure also
improves the ion migration at the interface between the
porous substrate and the adhesive porous layer. In a multi-
layer type separator such as those like the separator of the
invention, clogging easily occurs at the interface between
two layers, and the ion migration at the interface is easily
deteriorated. Therefore, it is sometimes difficult to obtain
favorable battery characteristics. However, the adhesive
porous layer according to the invention has a fine porous
structure developed, and thus the uniformity of pore distri-
bution is high and the number of pores is large. Therefore,
the possibility that the pores of the porous substrate and the
pores of the adhesive porous layer formed by using a
polyvinylidene fluoride resin can be favorably connected
increases, whereby it is possible to significantly suppress the
lowering of performance due to clogging.

Among the above, the average pore size is more prefer-
ably in a range of from 30 nm to 90 nm.

—Polyvinylidene Fluoride Resin—

The adhesive porous layer in the invention contains at
least one kind of (1) polyvinylidene fluoride resin A and at
least one kind of (2) polyvinylidene fluoride resin B, which
are described below. By mixing these two kinds of polyvi-
nylidene fluoride resins, compared with the case of using
one kind of these polyvinylidene fluoride resins, the adhe-
sion to electrodes is remarkably enhanced.

(1) Polyvinylidene fluoride resin A: a vinylidene fluoride
homopolymer having a weight average molecular weight of
from 600,000 to 2,500,000, and/or a vinylidene fluoride
copolymer having a weight average molecular weight of
from 600,000 to 2,500,000 and containing a structural unit
derived from vinylidene fluoride and a structural unit
derived from hexafluoropropylene, the total content of struc-
tural units derived from hexafluoropropylene in the
vinylidene fluoride copolymer being (greater than 0 mol %
but) 1.5 mol % or less of the total content of structural units
in the vinylidene fluoride copolymer.

(2) Polyvinylidene fluoride resin B: a vinylidene fluoride
copolymer containing a structural unit derived from
vinylidene fluoride and a structural unit derived from
hexafluoropropylene, the total content of structural units
derived from hexafluoropropylene in the vinylidene fluoride
copolymer being greater than 1.5 mol % of the total content
of structural units in the vinylidene fluoride copolymer.

(1) Polyvinylidene Fluoride Resin A

Polyvinylidene fluoride resin A is a polymer that contains
at least a structural unit derived from vinylidene fluoride
(VDF), and a structural unit derived from hexafluoropro-
pylene (HFP), in which the total content of structural units
derived from hexafluoropropylene in the polymer is 1.5
mol % or less of the total content of structural units in the
polymer. In the case of containing HFP as the copolymer-
ization component, a vinylidene fluoride copolymer con-
taining a structural unit derived from VDF and a structural
unit derived from HFP is included. Further, the content of
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structural units derived from HFP may be O (zero) mol %,
and in this case, a vinylidene fluoride homopolymer is
included as the polyvinylidene fluoride resin A. When the
copolymerization ratio of hexafluoropropylene in the poly-
vinylidene fluoride resin A is greater than 1.5 mol %, the
copolymer corresponds to the polyvinylidene fluoride resin
B described below, and thus, the adhesive porous layer has
a configuration in which at least two kinds which differ in
the HFP amount at a prescribed range are not contained. As
a result, the swelling property with respect to an electrolyte
becomes too great, and it becomes difficult to realize a
preferable surface morphology as described above. Accord-
ingly, favorable adhesion to electrodes cannot be obtained.
The polyvinylidene fluoride resin A may be a mixture
obtained by mixing a vinylidene fluoride homopolymer and
a copolymer.

The total content of structural units derived from
hexafluoropropylene in the polyvinylidene fluoride resin A
is preferably in a range of from 0.5 mol % to 1.5 mol %, and
more preferably in a range of from 1.0 mol % to 1.4 mol %.

The weight average molecular weight (Mw) of the poly-
vinylidene fluoride resin A is in a range of from 600,000 to
2,500,000. When the weight average molecular weight is
less than 600,000, the adhesive porous layer formed is
significantly brittle, whereby the adhesion between the adhe-
sive porous layer and the porous substrate is lowered.
Therefore, in the case of performing line conveyance in the
production process of a separator, a phenomenon in which
the adhesive porous layer easily separates from the porous
substrate (lowering of handling property) is caused. Mean-
while, when the weight average molecular weight is greater
than 2,500,000, the adhesive porous layer becomes strongly
sticky, and thus it is hard to favorably ensure the external
appearance of the edge face, for the reason that the slit edge
face after the slitting process is scuffed up, or the like. That
is, a task to ensure quality (slittability) in the slitting process
occurs. Further, when the weight average molecular weight
is greater than 2,500,000, the viscosity of the coating liquid,
that is prepared at the time of forming the adhesive porous
layer, becomes too high, so that it becomes hard to perform
high-speed coating, and productivity is lowered.

In particular, for the same reason as above, Mw of the
polyvinylidene fluoride resin A is preferably in a range of
from 1,000,000 to 2,000,000.

Here, the weight average molecular weight (Mw; Dalton)
of the polyvinylidene fluoride resin is a molecular weight
measured by gel permeation chromatography (hereinafter
also referred to as “GPC”) under the following conditions,
and represented as a polystyrene-equivalent molecular
weight.

<Conditions>

GPC: GPC-900 (manufactured by JASCO Corporation)

Column: TSKGEL SUPER AWM-Hx2 columns (manu-

factured by Tosoh Corporation)

Mobile phase solvent: dimethylformamide (DMF)

Standard sample: monodispersed polystyrene (manufac-

tured by Tosoh Corporation)

Column temperature: 140° C.

Flow rate: 10 mL/min

(2) Polyvinylidene Fluoride Resin B

Polyvinylidene fluoride resin B is a copolymer which
contains at least a structural unit derived from vinylidene
fluoride and a structural unit derived from hexafluoropro-
pylene, in which the total content of structural units derived
from hexafluoropropylene in the copolymer is greater than
1.5 mol % of the total content of structural units in the
copolymer.
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By the inclusion of the polyvinylidene fluoride resin B,
which has a high copolymerization ratio of hexafluoropro-
pylene, together with the polyvinylidene fluoride resin A,
swelling property with respect to an electrolyte can be
ensured. The polyvinylidene fluoride resin B may be a
mixture obtained by mixing two or more kinds of copoly-
mers.

It is preferable that the total content of structural units
derived from hexafluoropropylene in polyvinylidene fluo-
ride resin B is 1.8 mol % or more of the total content of
structural units in polyvinylidene fluoride resin B. It is
preferable that the content of structural units derived from
hexafluoropropylene is less than 25 mol % of the total
content of structural units in polyvinylidene fluoride resin B.
In particular, the content of structural units derived from
hexafluoropropylene is more preferably in a range of more
than 2.0 mol % but less than 15 mol %.

The weight average molecular weight (Mw) of the poly-
vinylidene fluoride resin B is preferably in a range of from
200,000 to 3,000,000. When the weight average molecular
weight is 200,000 or more, a sufficient mechanical strength
to withstand the compression bonding or heat pressing that
is performed at the time of adhesion to electrodes can be
ensured. When the weight average molecular weight is less
than 3,000,000, the viscosity of the coating liquid is not too
high, and favorable formability property can be maintained.

In particular, for the same reason as above, the Mw of the
polyvinylidene fluoride resin B is preferably in a range of
from 200,000 to 1,000,000.

The Mw is a value measured by the same method as that
in the case of polyvinylidene fluoride resin A described
above.

As described above, by using the polyvinylidene fluoride
resin A and the polyvinylidene fluoride resin B as a mixture,
a synergistic effect is exhibited with respect to the adhesion
to electrodes, and it is possible to remarkably enhance the
adhesive property. Further, by mixing the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B, the
peel force between the porous substrate and the adhesive
porous layer is increased.

In the invention, as the polyvinylidene fluoride resin A or
the polyvinylidene fluoride resin B, it is preferable to use a
copolymer obtained by copolymerization using only
vinylidene fluoride and hexafluoropropylene. It is possible
to use a copolymer in which an additional monomer other
than vinylidene fluoride or hexafluoropropylene is further
copolymerized. Examples of such an additional monomer
may include one kind or two or more kinds of tetratfluoro-
ethylene, trifluoroethylene, trichloroethylene, vinyl fluoride,
or the like.

A polyvinylidene fluoride resin having a relatively high
molecular weight as described above can be obtained pref-
erably by emulsion polymerization or suspension polymer-
ization, and particularly preferably by suspension polymer-
ization. It is possible to select a commercially available resin
that satisfies the copolymerization ratio of the resin A or B.

It is preferable that the adhesive porous layer contains the
polyvinylidene fluoride resin A at a total content of from 15
parts by mass to 85 parts by mass, and contains the poly-
vinylidene fluoride resin B at a total content of from 85 parts
by mass to 15 parts by mass, when the total amount of
polyvinylidene fluoride resin A and polyvinylidene fluoride
resin B is taken as 100 parts by mass. When the total content
of polyvinylidene fluoride resin A is 15 parts by mass or
more (namely, the total content of polyvinylidene fluoride
resin B is 85 parts by mass or less), a preferable surface
morphology as described above can be easily obtained, and
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the adhesion to electrodes can be enhanced. Further, when
the total content of polyvinylidene fluoride resin B is 15
parts by mass or more, the swelling property with respect to
an electrolyte as described above is ensured, and the adhe-
sion to electrodes is favorable.

In particular, the mass ratio (resin A/resin B) of polyvi-
nylidene fluoride resin A and polyvinylidene fluoride resin B
incorporated in the adhesive porous layer is preferably from
25/75 to 75/25, and more preferably from 35/65 to 65/35.

—Filler—

It is possible to add a filler formed from an inorganic
substance or an organic substance, or other additives to the
adhesive porous layer in the invention. Thereby, the slipping
property or heat resistance of a separator can be improved.
In this case, it is preferable that the content or particle size
of the filler is adjusted to a degree that does not inhibit the
effects of the invention.

As the inorganic filler, the above-described metal oxide,
metal hydroxide, or the like can be used.

As the organic filler, for example, an acrylic resin or the
like can be used.

It is preferable that the mass of the adhesive porous layer
(preferably, polyvinylidene fluoride resin) at one side of the
porous substrate is from 0.5 g/m> to 1.5 g/m*. When the
amount of the adhesive porous layer is 0.5 g/m? or more, the
adhesion to electrodes is favorable. Further, when the
amount of the adhesive porous layer is 1.5 g/m” or less, the
ion permeability is favorable, and the load characteristics of
a battery is enhanced.

In a case in which the adhesive porous layer is formed at
both adhesive porous front and back sides, the total mass of
the adhesive porous layers (preferably, polyvinylidene fluo-
ride resin) formed at the front and back sides is preferably
from 1.0 g/m? to 3.0 g/m>.

In the invention, in a case in which the adhesive porous
layer is formed at both sides of the porous substrate, the
difference between the weight at the front side and the
weight at the back side is also important. Specifically, it is
preferable that the total mass of the adhesive porous layers
formed at the front and back sides of the porous substrate is
from 1.0 g/m” to 3.0 g/m> and that the difference between
the mass of the adhesive porous layer at one side and the
mass of the adhesive porous layer at the other side is 20%
or less of the total mass of the layers at both sides. When this
difference is greater than 20%, there are cases in which
curling occurs significantly, whereby handling may be inter-
fered, or cycle characteristics may be deteriorated.

—Various Characteristics of Separator—

From the viewpoints of mechanical strength and the
energy density when prepared as a battery, it is preferable
that the film thickness of the whole separator for a non-
aqueous secondary battery of the invention is from 5 um to
35 pm.

From the viewpoints of the effects of the invention,
mechanical strength, handling property, and ion permeabil-
ity, it is preferable that the separator for a non-aqueous
secondary battery of the invention has a porosity within a
range of from 30% to 60%.

In view of good balance between mechanical strength and
membrane resistance, it is preferable that the separator for a
non-aqueous secondary battery of the invention has a Gurley
value (JIS P8117) within a range of from 50 sec/100 cc to
800 sec/100 cc.

From the viewpoint of ion permeability, it is preferable
that the separator for a non-aqueous secondary battery of the
invention has a porous structure. Specifically, the value
obtained by subtracting the Gurley value of the porous
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substrate from the Gurley value of the separator for a
non-aqueous secondary battery including an adhesive
porous layer formed is preferably 300 sec/100 cc or less,
more preferably 150 sec/100 cc or less, and still more
preferably 100 sec/100 cc or less. By having a Gurley value
01300 sec/100 cc or less, the adhesive porous layer is not too
dense and the ion permeability is maintained favorable,
whereby excellent battery characteristics may be obtained.

—Method for Producing Separator for Non-Aqueous Sec-
ondary Battery—

The separator for a non-aqueous secondary battery of the
invention can be produced by a method in which a coating
liquid containing a polyvinylidene fluoride resin is coated on
a porous substrate to form a coated layer, and subsequently,
the resin in the coated layer is solidified to form an adhesive
porous layer on the porous substrate in such a manner that
the adhesive porous layer and the porous substrate are
integrated.

An adhesive porous layer including a polyvinylidene
fluoride resin as an adhesive resin can be suitably formed,
for example, by the following wet coating method.

Specifically, first, a polyvinylidene fluoride resin is dis-
solved in a solvent to prepare a coating liquid. This coating
liquid is coated on a porous substrate, followed by immer-
sion in an appropriate coagulation liquid. Thereby, the
polyvinylidene fluoride resin is solidified, while inducing a
phase separation phenomenon. In this process, the layer
formed by using the polyvinylidene fluoride resin has a
porous structure. Thereafter, the porous substrate is washed
with water to remove the coagulation liquid, followed by
drying. In this way, an adhesive porous layer can be formed
on the porous substrate in such a manner that the adhesive
porous layer and the porous substrate are integrated.

For the above coating liquid, a good solvent that dissolves
the polyvinylidene fluoride resin can be used. Preferable
examples of such a good solvent, which may be used,
include polar amide solvents such as N-methylpyrrolidone,
dimethylacetamide, dimethylformamide, or dimethylforma-
mide. From the viewpoint of forming a favorable porous
structure, in addition to the above good solvent, it is pref-
erable to mix a phase separation agent that induces phase
separation. Examples of such a phase separation agent
include water, methanol, ethanol, propyl alcohol, butyl alco-
hol, butanediol, ethylene glycol, propylene glycol, and
tripropylene glycol. Such a phase separation agent is pref-
erably added within a range in which viscosity suitable for
coating is ensured. In a case in which a filler or other
additives are added to the adhesive porous layer, the filler or
additives may be mixed or dissolved into the coating liquid.

From the viewpoint of forming a favorable porous struc-
ture, the coating liquid preferably has a total polyvinylidene
fluoride resin concentration of from 3% by mass to 10% by
mass.

Further, from the viewpoint of forming a suitable porous
structure, it is preferable to use a mixed solvent containing
a good solvent in an amount of 60% by mass or more and
a phase separation agent in an amount of from 5% by mass
to 40% by mass, in the coating liquid.

As the coagulation liquid, water, a mixed solvent of water
and a good solvent as described above, or a mixed solvent
of water, a good solvent as described above, and a phase
separation agent as described above can be used. Particu-
larly, a mixed solvent of water, a good solvent, and a phase
separation agent is preferable. In this case, it is preferable
that the mixing ratio of the good solvent and the phase
separation agent is determined according to the mixing ratio
of the mixed solvent used for dissolving the polyvinylidene
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fluoride resin, from the viewpoint of productivity. The
concentration of water is preferable from 40% by mass to
90% by mass, from the viewpoints of forming a favorable
porous structure and improving the productivity.

With regard to the coating of the coating liquid on a
porous substrate, a conventional coating system such as a
Mayer bar, a die coater, a reverse roll coater, or a gravure
coater can be applied. In a case in which the adhesive porous
layer is formed at both sides of the porous substrate, it is also
possible that the coating liquid is coated on one side, then on
the other side, and then subjected to coagulation, water
washing, and drying; however, from the viewpoint of pro-
ductivity, it is preferable that the coating liquid is coated
simultaneously on both sides of the porous substrate, and
then subjected to coagulation, water washing, and drying.

Other than the wet coating method described above, the
adhesive porous layer can also be produced by a dry coating
method. Here, the “dry coating method” refers to a method
in which a coating liquid containing a polyvinylidene fluo-
ride resin and a solvent is coated on a porous substrate and
then dried to volatilize and remove the solvent, thereby
obtaining a porous membrane. However, in a dry coating
method, as compared with a wet coating method, the coated
membrane easily becomes dense. Accordingly, in the dry
coating method, it is difficult to obtain a porous layer,
without adding a filler or the like to the coating liquid.
Further, even if such a filler or the like is added, it is difficult
to obtain a favorable porous structure. Accordingly, from
such a point of view, it is preferable to use a wet coating
method in the invention.

Moreover, the separator of the invention may also be
produced by a method in which an adhesive porous layer and
a porous substrate are separately produced, and then these
sheets are disposed adjacently in layers and are subjected to
compression bonding, heat pressing, or an adhesive, or the
like to be formed into a composite. Examples of a method
of obtaining an adhesive porous layer as an independent
sheet include a method in which a coating liquid is coated on
a release sheet, then an adhesive porous layer is formed by
using the wet coating method or dry coating method
described above, and then only the adhesive porous layer is
peeled off.

[Non-Aqueous Secondary Battery]

The non-aqueous secondary battery of the invention uses
the separator of the invention described above, and is
configured to include a positive electrode, a negative elec-
trode, and the separator for a non-aqueous secondary battery
of'the invention described above, which is disposed between
the positive electrode and the negative electrode. Note that,
the term “dope” means occlusion, supporting, adsorption, or
insertion, and means a phenomenon in which a lithium ion
enters into an active substance of an electrode such as a
positive electrode or the like.

A non-aqueous secondary battery has a structure in which
a battery element, in which a structural body including a
negative electrode and a positive electrode which face each
other via a separator is impregnated with an electrolyte, is
enclosed in an outer casing material. The non-aqueous
secondary battery of the invention is preferable as a non-
aqueous electrolyte secondary battery, especially, a lithium
ion secondary battery.

The positive electrode may have a structure in which an
active substance layer including a positive electrode active
substance and a binder resin is formed on a current collector.
The active substance layer may further include an electri-
cally conductive additive.

10

15

20

25

30

35

40

45

50

55

60

65

16

Examples of the positive electrode active substance
include lithium cobalt oxide, lithium nickel oxide, lithium
manganese oxide having a spinel structure, and lithium iron
phosphate having an olivine structure. In the invention, in a
case in which the adhesive porous layer of the separator is
disposed at the positive electrode side, since the polyvi-
nylidene fluoride resin has excellent oxidation resistance, it
is advantageous in that a positive electrode active substance
that can be operated at a high voltage of 4.2 V or more, such
as LiMn, ,Ni, ,0, or LiCo,,;Mn, ;Ni, ;0,, can be easily
applied.

Examples of the binder resin include a polyvinylidene
fluoride resin.

Examples of the electrically conductive additive include
acetylene black, KETJENBLACK, and graphite powder.

Examples of the current collector include an aluminum
foil having a thickness of from 5 pm to 20 pm.

The negative electrode may have a configuration in which
an electrode layer, that includes a negative electrode active
substance and a binder resin, is formed on a negative
electrode current collector. If necessary, an electrically con-
ductive additive may be added to the electrode layer.

Examples of the negative electrode active substance,
which may be used, include carbon materials capable of
electrochemically occluding lithium and materials capable
of alloying with lithium, such as silicon or tin.

Examples of the binder resin include a polyvinylidene
fluride resin and a styrene-butadiene rubber. In the separator
for a non-aqueous secondary battery of the invention, since
the adhesive property is favorable, a favorable adhesive
property can be ensured not only in the case of using a
polyvinylidene fluoride resin as the negative electrode
binder resin, but also in the case of using a stryrene-
butadiene rubber.

Examples of the electrically conductive additive include
acetylene black, KETJENBLACK, and graphite powder.
Examples of the current collector include a copper foil
having a thickness of from 5 pm to 20 pm.

Further, instead of using the negative electrode described
above, it is possible to use a metal lithium foil as a negative
electrode.

The electrolyte is a solution obtained by dissolving a
lithium salt in a non-aqueous solvent.

Examples of the lithium salt include LiPF,, LiBF,, and
LiClO,.

Examples of the non-aqueous solvent, which can be
preferably used, include cyclic carbonates such as ethylene
carbonate, propylene carbonate, fluoroethylene carbonate,
or difluoroethylene carbonate; chain carbonates such as
dimethyl carbonate, diethyl carbonate, ethyl methyl carbon-
ate, or a fluorine substitution product thereof; cyclic esters
such as y-butyrolactone or y-valerolactone; and any mixed
solvent thereof.

Particularly, as the electrolyte, an electrolyte which is
obtained by mixing cyclic carbonate and chain carbonate at
a mass ratio (cyclic carbonate/chain carbonate) of from
20/80 to 40/60, and dissolving a lithium salt in the resulting
mixed solvent such that the concentration is from 0.5 M to
1.5 M is preferable.

In a separator including a conventional adhesive porous
layer, there are cases in which adhesion to electrodes is
hardly exhibited, depending on the kind of electrolyte used.
However, according to the separator of the invention, favor-
able adhesion property can be exhibited, regardless of the
kind of electrolyte, which is thus advantageous.

The separator for a non-aqueous secondary battery of the
invention is also applicable to a battery having a metal can
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outer casing. However, because of having favorable adhe-
sion to electrodes, the separator of the invention is suitable
for use in a soft pack battery having an aluminum laminate
film as the outer casing material. The method for producing
such a battery is as follows. Namely, a positive electrode and
a negative electrode are joined via a separator, and then this
joined product is impregnated with an electrolyte and
enclosed in an aluminum laminate film. Thereafter, the
resulting product is subjected to compression bonding or
heat pressing, whereby a non-aqueous secondary battery can
be obtained. By having such a configuration, the electrodes
and the separator are favorably adhered to each other, and
thus a non-aqueous secondary battery having an excellent
cycle life is obtained. In addition, because of having favor-
able adhesion between the electrodes and the separator, a
battery having excellent safety can be obtained. Examples of
a method of joining electrodes and a separator include a
stacking method in which electrodes and a separator are
disposed one on another in layers, and a method in which
electrodes and a separator are wound together. The invention
is applicable to any of the above methods.

EXAMPLES

Hereinafter, the present invention is described with ref-
erence to Examples. However, the invention is by no means
limited to the following Examples.

(Measurement and Evaluation)

With regard to the separators and lithium ion secondary
batteries which were prepared in Examples and Comparative
Examples described below, the following measurements and
evaluations were performed. Results of the measurements
and evaluations are shown in the tables described below.

[Weight Average Molecular Weight of Polyvinylidene
Fluoride Resin]

The weight average molecular weight of polyvinylidene
fluoride resin was measured by gel permeation chromatog-
raphy (GPC) under the following conditions, and deter-
mined as a polystyrene-equivalent molecular weight.

<Conditions>

GPC: GPC-900 (manufactured by JASCO Corporation)

Column: TSKGEL SUPER AWM-H (2 columns) (manu-

factured by Tosoh Corporation)

Mobile phase solvent: dimethylformamide (DMF)

Standard sample: monodispersed polystyrene [manufac-

tured by Tosoh Corporation]

Column temperature: 40° C.

Flow rate: 10 mL/min

[Composition of Polyvinylidene Fluoride Resin]

The composition of polyvinylidene fluoride resin was
determined from NMR spectrum. The NMR spectrum was
obtained by dissolving 20 mg of polyvinylidene fluoride
resin in 0.6 mL of deuterated dimethyl sulfoxide at 100° C.
and measuring 'F-NMR spectrum at 100° C.

[Film Thickness]

The thickness (um) of the separator was determined by
measuring arbitrary selected 20 points in 10 cmx10 cm,
using a contact thickness meter (LITEMATIC, manufac-
tured by Mitutoyo Corporation), and arithmetically averag-
ing the measured values. The measurement was performed
using a cylindrical measuring terminal having a diameter of
5 mm, with adjustment so that a load of 7 g was applied
during the measurement.

[Weight Per Unit Area]

The separator was cut into a 10 cmx10 cm piece, and the
mass of the piece was measured. The obtained mass was
divided by the area to determine the weight per unit area.
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[Average Pore Size]

The average pore size of the adhesive porous layer was
determined by the following method.

By a gas adsorption method, applying the BET equation,
the specific surface area (m*/g) of the polyolefin micropo-
rous membrane and the specific surface area (m”/g) of the
separator, which was a composite membrane in which a
polyolefin microporous membrane and an adhesive porous
layer placed are layered one on another, were measured.
These specific surface areas (m*/g) were multiplied by the
respective weights per unit (g/m?) to calculate the pore
surface areas per 1 m* of sheet. Then, the pore surface area
of the polyolefin microporous membrane was subtracted
from the pore surface area of the separator, to calculate the
pore surface area S per 1 m? of the adhesive porous layer.
Separately, the pore volume V per 1 m? of sheet was
calculated from the porosity. Here, assuming that all pores
were cylindrical, the average pore size (diameter) d of the
adhesive porous layer was determined from the following
Equation 2, using the pore surface area S and the pore
volume V.

d=4-V/S (Equation 2)

d: average pore size (nm) of adhesive porous layer

V: pore volume per 1 m? of adhesive porous layer

S: pore surface area per 1 m* of adhesive porous layer

This average pore size d was designated as the average
pore size of the porous layer formed from a polyvinylidene
fluoride resin.

[Porosity]

The porosities of the separator for a non-aqueous second-
ary battery and the porous substrate were determined from
the following Equation 3.

e={1-Ws/(ds'1)}x100 (Equation 3)

Here, e represents the porosity (%), Ws represents the
weight per unit area (g/m?), ds represents the true density
(g/cm?), and t represents the film thickness (um).

Specifically, for example, the porosity 8 (%) of a com-
posite separator in which a polyethylene porous substrate
and a porous layer formed only from a polyvinylidene
fluoride resin are layered one another was calculated accord-
ing to the following Equation 4.

e={1-(Wa/0.95+Wb/1.78)}x100 (Equation 4)

Here, Wa represents the weight per unit area (g/m?) of the
substrate, Wb represents the weight (g/m?) of the polyvi-
nylidene fluoride resin, and t represents the film thickness
(hm).

In the case of calculating the porosity of the adhesive
porous layer, Wa=0 (g/m?), and t represents the thickness of
the adhesive porous layer, namely, a value obtained by
subtracting the film thickness of the substrate from the film
thickness of the separator.

[Mass of Polyvinylidene Fluoride Resin]

With regard to each surface of the separator, the weight
(g/m?) of polyvinylidene fluoride resin was determined from
the intensity of the FKa spectrum, using an energy disper-
sion fluorescent X-ray analyzer (EDX-800HS, manufac-
tured by Shimadzu Corporation). In this measurement, the
weight of the polyvinylidene fluoride resin on the X-ray
irradiated side is measured. Therefore, in a case in which the
porous layer using a polyvinylidene fluoride resin is formed
at both front and back sides, the front and back are each
subjected to the measurement to measure the masses of
polyvinylidene fluoride resin on the front and back, and the
measured values are summed to determine the front back
total mass.
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[Gurley Value]

The Gurley value was measured in accordance with JIS
P8117, using a Gurley densometer (G-B2C, manufactured
by Toyo Seiki Co., Ltd.).

[Resistance of Separator]

The separator was impregnated with 1 M LiBF ,-propyl-
ene carbonate/ethylene carbonate (=1/1 [mass ratio]) as an
electrolyte, and sandwiched between aluminum foil elec-
trodes each having a lead tab attached, and then enclosed in
an aluminum pack, to produce a test cell. The resistance
(ohm-cm?) of the obtained test cell was measured in accor-
dance with an alternating current impedance method (mea-
surement frequency: 100 kHz) at 20° C.

[Peel Force]

A tape (SCOTCH (registered trademark) MENDING
TAPE 810, manufactured by 3M) was attached on both
surfaces of the separator, and the separator was cut to a size
of 10 mmx200 mm to obtain a test piece. In one of the edge
portions in the longitudinal direction of this test piece, the
edge portions of the tapes on both surfaces were each pealed
off, and the edge portions of the two tapes that had been
peeled off were held by a tensile tester (TENSILON UNI-
VERSAL TESTER RTC-1210A, manufactured by Orientec
Co., Ltd.). Then, a peeling test was carried out under the
following conditions. Namely, the tensile direction was the
direction perpendicular to the surface of the test piece, and
the tensile speed was 20 mm/min. The average of the stress
values at 30 mm to 100 mm (the values obtained by
continuously measuring during peeling from 30 mm to 100
mm from the initiation of tensile) was designated as the peel
force (N/cm).

[Thermal Shrinkage Percentage]

The separator was cut to a size of 18 cm (MD direction)x6
cm (TD direction) to obtain a test piece. In an oven at 105°
C., the test piece was hanged such that the MD direction
corresponded to the gravity direction, and subjected to a heat
treatment for 30 minutes without applying tension. After the
heat treatment, the test piece was taken out from the oven,
and with regard to each of the MD direction and the TD
direction, the thermal shrinkage percentage (%) was calcu-
lated according to the following equation.

Thermal shrinkage percentage (%)=(Length of test
piece before heat treatment—Length of test piece

after heat treatment)/(Length of test piece
before heat treatment)x100

[Equilibrium Moisture Content]

The separator was left to stand under an environment of
a temperature of 20° C. and a relative humidity of 40% for
3 days to perform humidity conditioning, and the moisture
was vaporized in a vaporizer (model VA-100, manufactured
by Mitsubishi Chemical Analytech Co., Ltd.) at 120° C.
Thereafter, the moisture content was measured using a Karl
Fischer moisture meter (CA-100, manufactured by Mitsubi-
shi Chemical Co., Ltd.).

[Adhesion to Flectrode]

Five test batteries were disassembled, and the peel
strength when peeling off the separator from the negative
electrode and the peel strength when peeling off the sepa-
rator from the positive electrode were measured using a
tensile tester. The average value of peel strength with respect
to the negative electrode and the average value of peel
strength with respect to the positive electrode were each
calculated. Then, the average value of peel strength respect
to the negative electrode and the average value of peel
strength respect to the positive electrode were averaged, and
the obtained value was used as an index for evaluation of
adhesive property.
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Note that, the average value of peel strengths with respect
to the negative electrode and the positive electrode for each
separator is shown as a relative value, taking the average
value of peel strengths with respect to the negative electrode
and the positive electrode for the separator of Example 1 as
100.

[Cycle Characteristic]

With regard to the test battery, an operation (cycle test) of
repeatedly performing charging and discharging was carried
out under 25° C. In this process, the charge condition was
constant-current constant-voltage charge at 1 C and 4.2 'V,
and the discharge condition was constant-current discharge
at 1 C and 2.75 V cut-off. The cycle characteristics were
evaluated, using the capacity retention ratio (%) after 100
cycles as an index.

Capacity retention ratio (%)=(Discharge capacity at
the 100th cycle)/(Initial discharge capacity)x100

[Load Characteristic]

With regard to the test battery, the discharge capacity
when discharging at 0.2 C and a discharge capacity when
discharging at 2 C were measured under the temperature of
25° C., and the relative discharge capacity (%) determined
from the following equation was used as an index for
evaluation of load characteristics. Here, the charge condition
was constant-current constant-voltage charge for 8 hours at
0.2 C and 4.2 V, and the discharge condition was constant-
current discharge at 2.75 V cut-off.

Relative discharge capacity (%)=(Discharge capacity
at 2 C)/(Discharge capacity at 0.2 C)x100

Note that, the index of load characteristics is also the
index of ion permeability of a separator after adhesion.

[Separation]

The presence or absence of separation of the adhesive
porous layer, when conveying the separator at a conveyance
speed of 40 m/min, a take-out tension of 0.3 N/cm, and a
take-up tension of 0.1 N/cm, was visually observed. Evalu-
ation was performed according to the following evaluation
criteria. As the number of foreign matters generated due to
separation, the number of the foreign matters observed in a
state of being fallen down or being held between the edge
faces of the take-up roll was counted.

<Evaluation Criteria>

A: Separation is not recognized.

B: The number of foreign matters generated due to
separation is from 1 to 5 per 1,000 m>.

C: The number of foreign matters generated due to
separation is more than 5 but 20 or less per 1,000 m>.

D: The number of foreign matters generated due to
separation is more than 20 per 1,000 m>.

[Slittability]

The separator was conveyed at a conveyance speed of 40
m/min, a take-out tension of 0.3 N/cm, and a take-up tension
of 0.1 N/cm, and during the conveyance, the separator was
subjected to a slit treatment using a shear cutter. Thereafter,
the external appearance of the edge face (slit edge face) was
visually observed, and evaluated according to the following
evaluation criteria.

<Evaluation Criteria>

A: The dislocation of the edge face position is 0.5 mm or
less.

B: The dislocation of the edge face position is more than
0.5 mm but 2 mm or less.
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C: The dislocation of the edge face position is more than
2 mm but 5 mm or less.

D: The dislocation of the edge face position is more than
5 mm.

Example 1

Preparation of Separator for Non-Aqueous
Secondary Battery

As polyvinylidene fluoride resin A, polyvinylidene fluo-
ride (a vinylidene fluoride homopolymer) having a weight
average molecular weight (Mw) of 700,000 was produced
by polymerizing vinylidene fluoride by suspension polym-
erization. Further, as polyvinylidene fluoride resin B, a
vinylidene fluoride/hexafluoropropylene (=95.2/4.8
[mol %]) copolymer (weight average molecular weight:
470,000) was prepared.

The above polyvinylidene fluoride resins A and B were
mixed at a ratio of 50/50 [mass ratio], and the mixture of the
polyvinylidene fluoride resins was dissolved in a mixed
solvent obtained by mixing dimethylacetamide (DMAc) and
tripropylene glycol (TPG) at a ratio of 7/3 (=DMACc/TPG;
mass ratio) such that the concentration was 5% by mass, to
prepare a coating liquid. Equal amounts of this coating
liquid were coated respectively on both surfaces of a poly-
ethylene microporous membrane (film thickness: 9 pm,
Gurley value: 160 sec/100 cc, porosity: 43%), followed by
immersion in a coagulation liquid obtained by mixing water,
dimethylacetamide, and tripropylene glycol (water/DMAc/
TPG=57/30/13 [mass ratio]) at 40° C. After solidifying the
coated membrane by the immersion, water washing and
drying were performed, to obtain a separator for a non-
aqueous secondary battery having an adhesive porous layer
formed on the polyolefin microporous membrane.

With regard to the obtained separator, the contents of
hexafluoropropylene (HFP) in the polyvinylidene fluoride
resins A and B that constitute the adhesive porous layer, the
mixing ratio of the polyvinylidene fluoride resins A and B,
the weight average molecular weight (Mw) of the polyvi-
nylidene fluoride resin A, the film thickness and weight per
unit area of the separator, the average pore size of the
adhesive porous layer, the porosities of the separator and the
adhesive porous layer, the mass (the total weight at both
sides, and the ratio of the difference between the mass at the
front side and the mass at the back side relative to the total
mass at both sides) of the adhesive porous layer (PVDF
resin), and the Gurley value of the separator were measured
according to the methods described above. The measure-
ment results are shown in Table 1.

Also with regard to the separators of Examples and
Comparative Examples shown below, the same measure-
ments were performed. The measurement results are sum-
marized in Table 1.

—Production of Non-Aqueous Secondary Battery—

(Production of Negative Electrode)

300 g of artificial graphite, which is a negative electrode
active substance, 7.5 g of a water-soluble dispersion includ-
ing a modified product of a styrene-butadiene copolymer,
which is a binder, in an amount of 40% by mass, 3 g of
carboxymethylcellulose, which is a thickener, and an appro-
priate amount of water were stirred using a double-arm
mixer, thereby obtaining a slurry for a negative electrode.
This slurry for a negative electrode was coated on a copper
foil having a thickness of 10 um, which is a negative
electrode current collector, and the resulting coated mem-
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brane was dried, followed by pressing, to produce a negative
electrode having a negative electrode active substance layer.

(Production of Positive Electrode)

89.5 g of lithium cobalt oxide powder, which is a positive
electrode active substance, 4.5 g of acetylene black, which
is an electrically conductive additive, and polyvinylidene
fluoride, which is a binder, were dissolved in NMP such that
the amount of the polyvinylidene fluoride was 6% by mass,
and the obtained solution was stirred using a double-arm
mixer such that the weight of the polyvinylidene fluoride
was 6% by mass, thereby obtaining a slurry for a positive
electrode. This slurry for a positive electrode was coated on
an aluminum foil having a thickness of 20 pm, which is a
positive electrode current collector, and the resulting coated
membrane was dried, followed by pressing, to produce a
positive electrode having a positive electrode active sub-
stance layer.

(Production of Battery)

To each of the positive electrode and negative electrode
produced as described above, a lead tab was welded. Then,
the positive and negative electrodes were joined together via
the separator produced in Examples and Comparative
Examples described above, impregnated with an electrolyte,
and enclosed in an aluminum pack using a vacuum sealer.
Here, 1 M LiPF ethylene carbonate/ethyl methyl carbonate
(=3/7 weight ratio) was used as the electrolyte. This alumi-
num pack was subjected to heat pressing using a heat press
machine at 90° C. for 2 minutes, while applying a load of 20
kg per 1 cm? of electrode. In this way, a test battery was
produced.

Example 2

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a polyvi-
nylidene fluoride which had a weight average molecular
weight of 1,900,000 and was prepared by suspension polym-
erization.

Example 3

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a
vinylidene fluoride/hexafluoropropylene copolymer (=98.6/
1.4 [mol %]) which had a weight average molecular weight
0t 700,000 and was prepared by suspension polymerization.

Example 4

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 10/90.
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Example 5

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 20/80.

Example 6

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 80/20.

Example 7

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 90/10.

Example 8

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a
vinylidene fluoride/hexafluoropropylene copolymer (=99.2/
0.8 [mol %]) which had a weight average molecular weight
of 1,100,000 and was prepared by suspension polymeriza-
tion.

Comparative Example 1

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a polyvi-
nylidene fluoride which had a weight average molecular
weight of 500,000 and was prepared by suspension polym-
erization.

Comparative Example 2

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
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aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a polyvi-
nylidene fluoride which had a weight average molecular
weight of 2,600,000 and was prepared by suspension polym-
erization.

Comparative Example 3

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 0/100.

Comparative Example 4

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that, in Example 1, the mixing
ratio (resin A/resin B [mass ratio]) of the polyvinylidene
fluoride resin A and the polyvinylidene fluoride resin B was
changed from 50/50 to 100/0.

Comparative Example 5

A separator for a non-aqueous secondary battery accord-
ing to the invention was produced, and, further, a non-
aqueous secondary battery was produced, in the same man-
ner as in Example 1, except that the polyvinylidene fluoride
having Mw of 700,000, which was used as polyvinylidene
fluoride resin A, in Example 1 was replaced with a
vinylidene fluoride/hexafluoropropylene copolymer (=98.0/
2.0 [mol %]) which had a weight average molecular weight
0t 700,000 and was prepared by suspension polymerization.

Comparative Example 6

A mixture obtained by mixing a polyvinylidene fluoride
resin having a weight average molecular weight of 400,000
and a vinylidene fluoride/hexafluoropropylene copolymer
having a weight average molecular weight of 270,000 and a
molar ratio of 94.5/5.5, that is, 88/12 in terms of weight
ratio, in such a manner that the weight ratio was 60/40, was
used. This vinylidene fluoride resin mixture was dissolved in
1-methyl-2-pyrrolidone (NMP) to obtain a coating liquid.
Equal amounts of the coating liquid were coated respec-
tively on both surfaces of a polyethylene microporous
membrane (film thickness: 9 pm, Gurley value: 160 sec/100
cc, porosity: 43%), followed by immersion in methanol, to
perform solidification. Subsequently, the coated membrane
was washed with water, followed by drying, to obtain a
separator having an adhesive porous layer formed from
polyvinylidene fluoride resins at both sides of the polyeth-
ylene microporous membrane. Further, using this separator,
a non-aqueous secondary battery was produced.
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TABLE 1
Mass of PVDF
Mixing Ratio Weight  Pore Resins
Content of of PVDF per Size of Porosity g/m? Gurley
HFP in PVDF Resins Film Unit  Porous % Front Value
Resins (mol %) [% by mass Mw of Thickness  Area Layer Porous Back (sec/
Resin A Resin B Resin A Resin B Resin A (nm) (g/m?) (nm)  Separator  Layer Total  Difference 100 cc)
Example 1 0 4.8 50 50 70 x 10% 12 7.79 57 40 45 2.51 0% 215
Example 2 0 4.8 50 50 190 x 10* 11 7.76 55 39 44 2.48 0% 211
Example 3 1.4 4.8 50 50 70 x 10% 11 7.73 58 40 48 2.45 0% 204
Example 4 0 4.8 10 90 70 x 10% 11 7.82 78 41 51 2.54 0% 201
Example 5 0 4.8 20 80 70 x 10% 11 7.67 67 41 50 2.39 0% 203
Example 6 0 4.8 80 20 70 x 10% 11 7.69 36 38 37 2.41 0% 225
Example 7 0 4.8 90 10 70 x 10% 11 7.62 32 38 35 2.34 0% 233
Example 8 0.8 4.8 50 50 110 x 10* 11 7.79 51 40 45 2.51 0% 220
Comparative 0 4.8 50 50 50 x 10% 11 7.71 61 39 43 2.49 0% 213
Example 1
Comparative 0 4.8 50 50 260 x 10% 12 7.79 54 40 46 2.51 0% 221
Example 2
Comparative — 4.8 0 100 — 16 7.79 1231 56 79 2.51 0% 196
Example 3
Comparative 0 — 100 0 70 x 10% 11 7.8 18 36 25 2.52 0% 586
Example 4
Comparative 2 4.8 50 50 70 x 10% 11 7.84 967 51 73 2.56 0% 196
Example 5
Comparative 0 5.5 60 40 40 x 10* 19 9.73 1450 60 75 4.45 100% 295
Example 6
TABLE 2
Thermal
Resistance Shrinkage Cycle Load
Value Adhesion to Peel Force Percentage Characteristic  Characteristic
(ohm/cm?)  Electrode (N/em) (MD/TD; %) Separation Slittability (%) (%)
Example 1 3.11 100 0.20 52 A A 85 91
Example 2 3.15 101 0.19 52 A A 83 90
Example 3 3.01 134 0.30 52 A A 95 96
Example 4 3.02 90 0.28 52 B B 79 90
Example 5 3.03 93 0.27 52 B B 80 90
Example 6 3.21 95 0.18 52 A A 80 89
Example 7 3.2 89 0.17 52 B B 77 90
Example 8 3.1 120 0.25 52 A A 90 91
Comparative 3.21 98 0.20 5/2 C C 80 20
Example 1
Comparative 3.14 99 0.18 5/2 C C 78 91
Example 2
Comparative 3.54 59 0.29 5/2 D C 55 93
Example 3
Comparative 5.31 53 0.11 5/2 D D 32 41
Example 4
Comparative 35 60 0.20 5/2 C D 56 80
Example 5
Comparative 6.01 80 0.35 5/2 D D 76 20
Example 6

Further, the equilibrium moisture content of each of the
separators of Examples and Comparative Examples
described above was measured. It was revealed that, in all
separators, the equilibrium moisture content was 1,000 ppm
or less.

As is shown in Table 2, in Examples, a separator which
exhibited favorable adhesion to electrodes and excellent
slittability and in which separation was suppressed was
obtained.

INDUSTRIAL APPLICABILITY

The separator for a non-aqueous secondary battery of the
invention is suitable for use in a non-aqueous secondary
battery. The separator is particularly suitable for use in a
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non-aqueous secondary battery having an aluminum lami-
nate outer casing material, in which joining to electrodes is
important.

The disclosure of Japanese Patent Application No. 2011-
231834 is incorporated by reference herein in its entirety.

All publications, patent applications, and technical stan-
dards mentioned in this specification are herein incorporated
by reference to the same extent as if such individual publi-
cation, patent application, or technical standard was specifi-
cally and individually indicated to be incorporated by ref-
erence.
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The invention claimed is:

1. A separator for a non-aqueous secondary battery, com-
prising:

a porous substrate; and

an adhesive porous layer that is formed at at least one side
of the porous substrate and contains the following (1)
polyvinylidene fluoride resin A and the following (2)
polyvinylidene fluoride resin B:

(1) polyvinylidene fluoride resin A selected from the
group consisting of vinylidene fluoride homopolymers
having a weight average molecular weight of from
700,000 to 2,500,000, and vinylidene fluoride copoly-
mers having a weight average molecular weight of
from 700,000 to 2,500,000 and containing a structural
unit derived from vinylidene fluoride and a structural
unit derived from hexafluoropropylene, the total con-
tent of structural units derived from hexafluoropropyl-
ene in each of the vinylidene fluoride copolymers being
1.5 mol % or less of the total content of structural units
in each of the vinylidene fluoride copolymers; and

(2) polyvinylidene fluoride resin B selected from the
group consisting of vinylidene fluoride copolymers
containing a structural unit derived from vinylidene
fluoride and a structural unit derived from hexafluoro-
propylene, the total content of structural units derived
from hexafluoropropylene in each of the vinylidene
fluoride copolymers being greater than 1.5 mol % of the
total content of structural units in each of the vinylidene
fluoride copolymers.

2. The separator for a non-aqueous secondary battery
according to claim 1, wherein the weight average molecular
weight of the polyvinylidene fluoride resin A is from 1,000,
000 to 2,000,000.
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3. The separator for a non-aqueous secondary battery
according to claim 1, wherein the adhesive porous layer has
a porosity of from 30% to 60% and an average pore size of
from 20 nm to 100 nm.

4. The separator for a non-aqueous secondary battery
according to claim 1, wherein, in the adhesive porous layer,
the total content of the polyvinylidene fluoride resin A is
from 15 parts by mass to 85 parts by mass and the total
content of the polyvinylidene fluoride resin B is from 85
parts by mass to 15 parts by mass, when the total amount of
the polyvinylidene fluoride resin A and the polyvinylidene
fluoride resin B is taken as 100 parts by mass.

5. The separator for a non-aqueous secondary battery
according to claim 1, wherein an amount of the adhesive
porous layer at one side of the porous substrate is from 0.5
g/m?® to 1.5 g/m>.

6. A non-aqueous secondary battery comprising a positive
electrode, a negative electrode, and the separator for a
non-aqueous secondary battery according to claim 1, the
separator being disposed between the positive electrode and
the negative electrode, wherein in the non-aqueous second-
ary battery, electromotive force is obtained by lithium dop-
ing/dedoping.

7. The non-aqueous secondary battery according to claim
6, further comprising an aluminum laminate film as an outer
casing material, wherein a multilayer structure in which the
positive electrode, the negative electrode, and the separator
for a non-aqueous secondary battery are adhered to each
other, is housed in the aluminum laminate film.
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